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1.1 Introduction S nERZER2HER

[ Single-particle excitation]
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By contrast, in 204Po and 206Po, its decay changes to E1, and no E3 transition is gz III Izl E 3 ﬁu ﬁil ? ﬁH . B%
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On both the neutron-rich and neutron-deficient sides, 11~ state mainly de-excites through E3 .
[1]J. A. Cizewski et al.,Evolution of collective motion in light polonium nuclei, American Institute of Physics,455, 486 (1998).
[2] A. Maj et al.,Observation of Highly Enhanced E3-Transitions in 1%8200Po Evidence for Octupole Instability at Z>84 and N< 114, Z. Phys. A - Atomic Nuclei 324, 123-125 (1986).
[3] T. Weckstrom et al., In-Beam Study of High-Spin States in 199200.201Po and Systematical Features of Z = 84 Polonium Isotopes, Z. Phys. A - Atoms and Nuclei 321,231-241 (1985).
[4] Sahab Singh et al.,Competition between the neutron-p pair break-ups g the level structure of 202Po,Phys. Rev. C 111, 034326(2025).
[5] A.M. Baxter et al., SPECTROSCOPY OF HIGH-SPIN STATES OF 206Po,Nuclear Physics A515, 493-524 (1990).
[6] A.R. Poletti et al., Core-excited states and the yrast line in 295Po,Nuclear Physics A 615, 95-116 (1997). 04
[7] L. G. Mann et al.,Levels of the four lowest two-particle configurations in ' Po studied by in-beam y-ray and conversion-electron spectroscopy with the Bi(t, 2n ) reaction,Phys. Rev.C ,Vol 38,Num 1(1988)
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1983, R. G. Helmer and C. W. Reich 1987, V. Rahkonen and T. Lonnroth 1990, B. Fant and T. Weckstrom

R. G. Helmer and C. W. Reich, Phys. Rev. C, Vol 27, Num 5(1983). V. Rahkonen and T. Lonnroth, Nuclear Physics A464 (1987) 349-365 B. Fant and T. Weckstrom , Physica Scripta. Vol. 41, 652-659, 1990.

By observing the B-decay of 204At, they determined the low-spin energy By bombarding 204Pb with 3He, they populated the medium-to-low spin Through a fusion-evaporation reaction involving the bombardment of 98Pt
level structure of 204Po, resolved the uncertainty in the energy of the 8* first states of 204Po; new isotopic spin states such as 9- and 11- were observed; with 12C, the high-spin nuclear structure of 204Po was populated for the first
excited state, and measured its lifetime to be approximately 150(10) ns. their lifetimes were determined; and for the first time, it was proposed time; an excited state with a maximum spin of 20" was observed.

that the first excited state of 11- undergoes deexcitation to the 10+ state

via an E1 transition at 93 keV.

Experimental investigations of Po two zero four (204Po) are rather extensive, using decay spectroscopy and fusion-evaporation reactions. However, even with fusion-evaporation experiments performed by 1990, many cascade connections in its level

structure were still uncertain.
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2 Experiment Brief
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7x10° T T T T mod-ch* Code Number” Name 0 Resolution®

- Q - 205P0 00-04 0 HPGE-3 90 4.64
204, 00-05 1 HPGE-9 90 5.43
6X106 T )% 3 * 204P_0 00-06 2 HPGE-13 60 3.84
{ . D*Bi - 00-07 3 HPGE-14 60 3.84
s | g o ° 202pp 00-12 1 HPGE-27 120 2.67
5x10 3 g 00-13 5 HPGE-28 120 4.04
T 00-14 6 HPGE-35 150 3.65
6 N 00-15 7 HPGE-. 150 2.51
4x10° g 01-04 8 HPGE-33(weak signal) 120 252
o i 01-05 9 HPGE-37 150 3.60
6 =i 01-06 10 HPGE-15 60 2.63
3x10° 1 o 01-07 1 HPGE-16 60 2.76
Ig 01-12 12 HPGE-30 120 3.74
01-13 13 HPGE-31 120 4.01

2x10° J 01-14 14 HPGE-38 150
01-15 15 HPGE-39 150 5.82

02-04 16 HPGE-5 90
1x10° o 0205 17 HPGE-18 60 3.41
02-06 18 HPGE-19 60 3.03
02-07 19 HPGE-20 60 3.13
T T T T T T T T T T T T 02-12 20 HPGE-32 120 2.76
100 200 300 400 500 600 700 800 900 1000 1100 1200 s = e oy P
02-14 22 150 3.37
Energy(keV) 0215 23 90 3.49

03-12 24 Clover-2-a 920

03-13 24 Clover-2-b 90

03-14 24 90

03-15 24 920

®  Beijing Radioactive lon beam Facility oot » »

-05 5 >

(BRIF), HI-13 tandem accelerator 0406 2 Clover 1222 %

04-07 25 Clover-12-d 90

04-12 26 Clo 9-a 120

04-13 26 Clover-29-b 120

04-14 26 Clover-29-c 120

[ ] 13C+196Pt—>204P0+5n 04-15 26 Clover-29-d 120

05-04 27 Clover-10-a 90

05-05 27 Clover-10-b(no signal) 90

05-06 27 Clover-10-¢ 90

. 05-07 27 Clover-10-d 90

®  1.34mg/cm? Self-supporting target + 78 012 2 Clover-11-a %

05-13 28 Clover-11-b(no signal) 90

MeV Beam 05-14 28 Clover-11-c 90

05-15 28 Clover-11-d(no signal) 90

06-04 29 Clover-8-a 90

06-05 29 Clover-8-b 90

06-06 29 Clover-8-c 90

® 28*HPGe + 5*Clover detectors 0607 2 Clover 8.4 %

06-12 30 Clover-4-a 90

06-13 30 Clover-4-b 90

06-14 30 Clover-4-¢ 90

06-15 30 Clover-4-d 90

60 hours

* The signal channel
® The encoding used in code.

© Resolutions at energy(to be confirmed) keV, per thousandth of the unit.
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3.1 Level Scheme Reconstruction
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3.2 Spin and Parity Assignment
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3.3 Calculations and Discussion
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0h9/2, 1£7/2, 115/2, 2p3/2, 2p1/2, and 0i13/2

the Kuo-Herling particle effective (KHPE)
the Kuo-Herling hole effective (KHHE)
the monopole-based universal (VMU)

I™ Eexp (keV) Ewn (MeV) Configuration

Prax  Lp/Ln

of 00 0.000  7(2,0,0,0,0,0
(2,0,0,0,0,0
(2,0,0,0,0,0
(2,0,0,0,0,0
(2,0,0,0,0,0
7(2,0,0,0,0,0
7(2,0,0,0,0,0
of 25382 2248 7(2,0,0,0,0,0
(1
(2
(2
(2
(2
(2

2f 6842 0.59
4f 12003 0963
67 16263 1407
87 16383 1444
97 22264 2016
10§ 25267 2223

3

3

3

B

117 26191 2259
10§ 27874 2337
117 28935  2.467
117 29040  2.663
107 29451 2,698
12§ 30030 2486

1(10,8,2,4,0,14
(10,8,2,4,0,14
(10,8,
v(10,8,2,4,0,14
(10,8,2,4,0,14) 24.71 8.366/0.355 167 41666 3884 7(2,0,0,0,0,0
1(10,8,3,4,0,13
(10,8,4,2,0,1

10,8,2,4,0,14
,0,0,0,0,1
,0,0,0,0,0
,0,0,0,0,0
,0,0,0,0,0
,0,0,0,0,0
,0,0,0,0,0
113 32258 3.033  7(2,0,0,0,0,0
117 33418 2637 7(2,0.0,0,0,0
125 33514 2823 7(2,0,0,0,0.0
137 34379  3.175 7(2,0,0,0,0,0
127 34570 2957 7(1,0,0,0,0,1
137 35266  3.181 7(1,0,0,0,0,1
157 35624 3293 7(2,0,0,0,0,0

10,8,2,4,0, 1.
10,8,3,3,0,1

IU 8,3,4,0,1
10,8,2,4,0,1

1(10,8,3,4,0,1
10,8,3,3,0,1

10,8,3,4,0, 1.
v(10,8,3

) ( )@

) ( ) (L

) ( )@l

) ( )@ u(

) ( )©u(

) ( Yol

1 ( ) @ v(1l

8 ( )@u(

1) ( ) @ v(1
10,8,3,3,0,14) 22.58 8.126/3.677 137 4358.6 3283 7r(1,0,0.0.[),1)®1/(10 8,3,3,0,14) 28.52 10.111/2.848

13) ( )@

3) ( )@l

49 ( ) @ v(1

3 ( )@ u(

4 ( yeul

; ( )@ u(

2 ( )@u

(10,8,4,2,0,14) ( )@ (1

3) ( )@v(l

20.1 = 147 36629 3270  w(2,0,0,0,0,0
1529 0.736/1.343 185 37021 3276 w(2,0,0,0,0,0
151 0.941/3.188 14 39495 3456  7(2,0,0,0,0,0
23.37 5.606/0.879 15; 41439 3497  7(1,0,0,0,0,1

v(10,8,3,4,0,13) 379 6.921/7.495
0,8,3,4,0,13) 39.65 7.131/6.197
0,8,3.3,0,14) 56.42 8.573/6.218
10,8,2,4,0,14) 26.63 10.691/4.365
10,8,3,4,0,13) 33.45 7.774/8.752
0,8,3,4,0,13) 25.12 9.395/6.389
0,8,4,2,0,14) 26.39 8.415/4.339
18 10.46/3.445

v

3

v
v
v
27.56 0.153/8.74
15.91 8.443/2.322
18.05 8.073/1.67

16.89 10.667/0.241
32.43 7.487/3.219

16 42108 4071 (1,0,0,0,0,1
127 42546 2983 7(2,0,0,0,0,0
147 42747 3310 =(1,0,0,0,0,1
147 43006 3451 7(2,0,0,0,0,0

1
,,,,, ”
v(10,8,3,3,0,14

0,8,3,4,0,13) 43.09 7.142/7.33

vl
v(10,8,3,4,0,13) 51.45 7.279/9.245

)

)

)

)

)

)

31.44 1.175/9.838 16;  4381.0 4.023 7(2,0,0,0,0,0 )
0,8,3,4,0,13) 27.75 9.671/7.079

)

)

)

)

)

)

)

22,58 1.03/8.848 17F 44353 4133 7(1,0,0,0,0,1
46.17  8.59/4.405 177 46128 4054  7(2,0,0,0,0,0

22.34 1.258/9.619 17;’ 4634.0 4410 7(1,0,0,0,0,1
27.17 8.297/3.723
43.72 8.463/4.205
32.21 5.242/8.006

2
0,8,3,4,0,13) 57.16 7.303/10.296
v(10,8,3,4,0,13) 30.04 10.014/6.595
0,8,2,4,0,14) 18.45 10.449/3.534
10,8,3,4,0,13) 30.49 9.887/7.866
10,8,3,4,0,13) 33.47 10.327/7.357
0,8,3,4,0,13) 30.87 9.955/9.803
0,8,4,3,0,13) 48.13 10.306/11.260

Vi

147 4666.6  3.605 7(1,0,0,0,0,1
18 48745 4280 7(1,0,0,0,0,1
187 49981 461 1,0,0,0,0,1
12.38 10.294/1.612 Si 8 o7 aL00,0:0
(5106 110.086/2:872 201+ 5293.1 5142 x(1,0,0,0,0,1
4283 7.124/838 22F 59092 5970 7(1,0,0,0,0,1

Vi

62l 1
vV

v(10,8,3,4,0,1 Vi

[1]C.Qi, L. Y. Jia, and G. J. Fu, Physical Review C 94, 014312 (2016).
[2] C.B. Li, G. L. Zhang, C. X. Yuan, G. X. Zhang, S. P. Hu, W. W. Qu, Y. Zheng, et al., Physical Review C 101, 044313 (2020).
[3]1Z.Y. Zhang, H. B. Yang, M. H. Huang, Z. G. Gan, C. X. Yuan, C. Qi, A. N. Andreyev, et al., Physical Review Letters 126, 152502 (2021).
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3.3 Calculations and Discussion g DERZEMNZ R RE
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4 Summary and Acknowledgements

High-spin states in 204Po were populated through reaction 19Pt(13C,5n)2%4Po.

Level scheme was revised and extended.

LSSM calculations.

The evolution of the decay pattern of the 11~ state along the even-even 1°¢-219P¢ isotopic chain .

The mixing of multiple near-degenerate configurations an d wave-function fragmentation.

The results suggest that 294Po may lie in a transitional region where neutron-hole structural rearrangement and proton-neutron coupling are both highly active. For such
a nucleus with strongly fragmented wave functions, neutron cross-shell components across N = 126, proton cross-shell components across Z = 82, and weak collective
degrees of freedom outside the present shell-model space may play non-negligible roles in modulating level positions and transition matrix elements.
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